• The literature contains many conflicting reports concerning the role of acid niucopolysaccharides and lipids in the pathogeneyis of coronary atherosclerosis. The most notable controversy concerns the earliest morphological alteration in atherogenesis. Some investigators hold that the accumulation of acid mucopolysaccharides is the reaction to a primary deposition of lipid, 1 while others hold that the converse is true.
-' r S Previous studies of human aortas 4 and cerebral arteries' utilizing new histochemical methods indicated that no apparent relationship existed between acid mucopolysaccharides and Iipida with respect to staining intensity or distribution.
The purpose of this paper is to report our observations on the relationships between lipid and acid mucopolysaccharides, lipid and elastic elements, and acid mucopolysaccharides and elastic and collagen elements in human coronary arteries from various age groups ranging from fetal life to seventy years of age and to compare these relationships with our previous observations in aortas and cerebral arteries.
Methods
Human coronary arteries were obtained fresh at autopsy from 175 individuals. These specimens included 27 arteries from fetuses, 30 arteries from individuals one day to seven years of age, 48 arteries from 8 to 16 years, and 70 arteries from 16 to 75 years. Individual lesions were grossly graded for severity of atherosclerosis using our previously reported method as follows: "zero" for grossly normal areas and "one plus" for fatty streaking and slight elevation of the intuna. "Zero grade" and "one plus" lesions were taken from the first few centimeters of the right coronary artery, and the anterior descending and circumflex branches of the left coronary artery.
Coronary arteries from fetuses and infanta were processed by the liver flotation method of Zugibe et al. 6 All tissues were f reeze-dried and carbowaxembedded according to the method of Zngibe et al. ' No tissue was used that was more than nine hours postmortem. 8 A series of 11 serial sections was cut at six micra and stained as follows:
Section 1 was stained with hematoxylin and eosin. Section 2 was stained with aldehyde fuehsinchlorantine fast red for elastic and collagen fibers. 7 Section 3 was stained by oil red 0-carbowax 400" for lipid. Section 4 was stained by alcian blue-oil red 0 combination technique 10 for the simultaneous demonstration of acid mucopolysaccharide and lipid. Section 5 was stained with, alcian blue for acid mueopolysaccharides. Section 6 was stained with alcian blue following treats ment with testienlar hyalnronidase to remove hyaluronie acid and chondroitin sulfate A and C. The enzyme, 1200 TRU/100 nag, was buffered at pH 6. Sections were incubated at 37°C for 18 hours. Section 7 was stained with alcian blue following pretreatment with streptococcal hyaluronidase to remove hyaluronic acid (the enzyme, 500 TRU/mg of solids, was buffered with phosphate buffer to pH 5.0 and 1 M sodium chloride was added). Section S was stained with alcian blue following pretreatment with an acetone-dried powder extract from Flavobacterium heparinum which had been adapted to chondroitin sulfate A (FBA) in order to remove chondroitin sulfate B, hyaluronic acid, and chondroitin sulfate A and C. The enzyme was extracted from the acetone powder and11 buffered by the method of Korn and Payza. Section 9 "was stained with alcian blue following pretreatment with an extract of Flavobacterium which was adapted to heparitin sulfate (FBH) to remove heparitin sulfate, heparin, hyaluronic aci d26 and chondroitin sulfates A and C. Section 10 was stained with alcian blue 403 ZTJGIBE following pretreatment with a 1:1 mixture of both Flavobacterium extracts to remove all of the acid niucopolysaccharides.
s Section 11 was stained with aleian blue following prefcreatment with a purified influenza sialidase solution.* This was adjusted to pH 6.7 with phosphate buffer. Control sections in buffer minus the enzymes were added to each series. Sections of umbilical cord, pig skin, and smears of purified chondxoitin sulfate B, heparin sulfate and heparin were digested with each batch of tissue sections as controls of enzymes specificity. Section 12 was stained with aleian blue to duplicate Section 4. Section 13 was stained with chlorantine fast red for collagen as described by Zugibe et al. 7 Section 14 was stained with chlomntine fast red following' pretreatrnent with purified follnjjenu&e.t These sections were pretreated for 24 horn's in testicular hyaluroriidase as described above, washed in distilled water briefly, and treated an additional 24 hours in the collagenase solution which was prepared as follows: The enzyme (5 m^/lOO cc) was added to a phosphate buffer solution (0.067 it) which had been adjusted to pH 7.2 as described by Einbinder and Schubert. Section 15 was stained with aldehyde fuchsin and chlorantine fast red to demonstrate both elnstin and collagen in the same section. Sections of purified rat-tail collagen prepared according;12 to the method of Einbinder and Schubert were used as controls for collagerjase activity.
A series of sections was cut at two niiera and stained with oil red 0-earbowax 400 in an attempt to determine the relation of lipid to the elastic fibers. Moreover, in order to determine whether any lipids were present, a series of sections was stained with oil red 0 before and after acetone extraction.
Results

FETUSES
Grade xaro
The intima consisted only of an endothelium and internal elastic membrane. Fraying, fragmentation and reduplication of the internal elastic membrane were present in many of the cases studied ( fig. 1 ). Lipid was absent from all sections. Acid mueopolysaccharides were concentrated on both the medial and intimal parts of the internal elastic membrane. This acid mucopolysaccharide stainable material was resistant to streptococcal hyaluronidase digestion, but was completely hydro- lyzed by testicular hyaluronidase and the flavobaeterial enzymes. There was no increase of acid inucopolysttccharide stainable material noted in sections containing fragmented and frayed elastic fibers.
INFANTS AND YOUNO JUVINILES (Birth to 7 yman of aga)
The intimas varied in thickness from section to section and within the same section. Some areas had a single endotbelial layer on the internal elastic membrane, while other areas contained a greatly thickened fibrotic area ( fig. 2 ). Fragmentation and fraying, with or without reduplication of the internal elastic membrane, were consistent findings ( fig. 3 ). The thickened intimas were usually of the fibrous variety and rarely contained lipid material. These intimas were characterized by fibroblastic proliferation and large amounts of both elastic and collagen fibers. 4 ). The acid mucopolysaccharide stainable material was concentrated along the internal elastic membrane, between the reduplicated elastic elements and in association with the fibrous elements of the intima. DigestioD with streptococcal hyaluronidase did not noticeably affect aeid niucopolysaccbaride staining, but testicular hyaluronidase removed the major part of the stainable material. This aeid polysaceharide was associated with fine collagen fibers or with the absence of collagen. Occasionally small amounts of acid mucopolysaccharide stainable material remained in the young juvenile groups in apposition to the fibrous elements of both the intima and area of the internal elastic membrane.
OLDER JUVENILES (8 to 15 years of aga) Qrade zero
The intimas varied in thickness. Fragmentation, with or without reduplication, was present to some degree in almost all the sections. In general, these changes were progressively more severe with aging. Lipid was occasionally found in endothelial cells, in muscle cells, as isolated aggregates in macro-
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FIGURE 1
Anterior descending coronary artery of an 8-month male fetus. Note reduplication and fragmentation of the internal elastic membrane. Aldehyde fuchsin-chlorantine fast red. ' X 1200.
FIGURE 2
Anterior descending coronary artery of a 1-year-old male. Note extensive inlimal flbrosis. Aldehyde fuchsin-chlorantine fast red. X 300
FIGURE 3
Anterior descending coronary artery of a 2-year-old male. Extensive reduplication and fraying of the internal elastic membrane and elastic fibers of the intima. Aldehyde fzichsiti-chlorcmfine fastr fd. X 13-00. 
404
ZTJGIBE
which were completely digested with purified collagen ase. The coarse type of collagen increased with aging or with changes of elastic fibers. Acid mucopolysaccharides were concentrated in the area of the internal elastic membrane and in the intirna, and corresponded to the collagen sites. Most of these acid nracopolysaccharides were digestible with testicnlar hyaluronidase, FBH, and FBA. Acid mucopolysaccharides that were resistant to testicular hyaluronidase and FBH, but hydrolyzed by FBA, increased with age or severity of elastic changes. There was lack of correlation between intimal thickening and the amount of lipid. No reduction of alcian blue staining was noted in the sialidase pretreated sections.
Grade ono plus
Fragmentation and reduplication of the internal elastic membrane were prominent. Lipid was greatly increased principally as extracellular aggregates. There was, however, an increase in the number of lipid-laden macrophages. More coarse collagen was present in these areas than in the "Grade zero" areas and corresponded to an increase in acid mucopolysaccharides that were resistant to streptococcal hyaluronidase and testicular hyaluronidase, but hydrolyzed by FBH. No apparent correlation existed between the presence of acid mucopolysaccharides and lipid because frequently the same tissue section would contain concentrated areas of acid mucopolysaccharides and no lipid, areas devoid of acid mucopolysaccharides and accumulations of lipid as well as areas with concentrated lipid and increased acid mucopolysaccharide. Sialidase-pretreated sections showed a slight reduction in alcian blue staining, particularly in areas of lipid aggregation.
ADULTS (16 to 70 year, of age) Grad* zero
The intimas were thickened and contained many collagen fibers. Fragmentation, fraying and reduplication of the internal elastic membrane were consistently present ( fig. 7) and increased in severity with aging. The lipid profile of the young adult was similar to that of the older juvenile group, but there was a definite increase in extracellular aggregates and in the number of lipid-laden macrophages. Oil red 0 serial sections, cut at two micra, occasionally revealed lipid within the elastic fibers, thereby confirming that this lipid was distributed within the elastic fibers and not oriented on their periphery (figs. 9 and 10). Collagen fibers were frequently seen binding together ruptured ends of the internal elastic membrane (fig. 8) . The collagen in the intima and in the region of the internal elastic membrane consisted of coarse and fine fibers with the ratio of coarse to fine, increasing with age and with severity of changes in elastic fibers. Concentrations of acid mncopolysaceharides that were digestible with FBA but resistant to testicnlar hyaluronidase and FBH were found in close association to the coarse type of collagen fibers. This nmcopolysaccharidfi increased with age and with the severity of clastic changes (figs. 11 and 12). In addition, small amounts of acid mucopolysaccharides in this area were digestible with testicular hyaluronidase, but resistant to streptoeoccal hyaluronidase. and seemed to be related to either fine collagen fibprs or with the absence of collagen. This acid polysaccharide decreased with age and severity of changes in the elastica. There was no apparent relationship between the location of lipid and the concentration of acid mueopolysaccharides because the distribution of both components was too random. No correlation existed between intimal thickening and the presence of lipid. There was no apparent reduction of alcian blue staining in sialidasepretreated sections Orads on* plui These changes were very extensive as compared to "Grade zero." There was more fragmentation of elastic fibers, greater amounts of extracellular lipid, and more coarse collagen, as well as increased acid mucopolysaccharides in the intima and in the region of the internal elastic membrane. Most of this acid mucopolysaceharide was digestible with FBA, resistant to testicular hyaluronidase and FBH, and found in close association to the coarse type of collagen. The acid mucopolysaccha- 
Anterior descending coronary artery of a 3-week-old male. Note lipid irithin endulhelv. cells (itrrovjs). Oil red 0. X 3000.
FIOURI 6
Anterior descending coronary artery of a 15-yeur-vld male. T/ipid it located within macrophages and us small extra-cellular droplets. Some of the lipid extends into the media (Med). Oil red 0. X 1200.
FIGURE 7
Anterior descending coronary aitery of a 36-year-old male. Note extensive reduplication, fragmentation ami fraying of elastic fibers. Aldehyde fuchsin-chlorantine fast red. X 1200.
FIGURE S
Anterior descending coronary artery of a 35-year-old male. Note the colUigen fibers (arrmu) bridging the gap along the break in thtt internal elastic membrane. Aldehyde fuchain-cMoraniine fust red. X 750.
ride that was digestibte with testicular hyaluronidase, but resistant to streptoeoccal hyaluronidase, was small in amount as compared to ''Grade zero'" sections. No consistent relationship was apparent between the distributions of acid mucopolysaceharides and of lipid. The sialidase-pretreated sections displayed a significant reduction in alcian blue staining, pariiiularly in areas of lipid ag^re-trates. . t
FIGURE 9
Anterior descending coronary artery of a 25-year-old male. Note lipid within the internal elastic membrane (arroivs). This section was cut at 2 / x . Oil red 0. X 1200.
FIGURE 10
Anterior descending coronary artery of a 25-year-old male cut adjacent to figure 9. Note that lipid is within the elastic fiber (arrows) and not physiologically oriented on the order surface of the fiber. Oil red 0. X 1200.
FIGURE 11
Anterior descending corona-ry artery of a 30-year-old male. Note accumulation of acid mucopolysaccharides in the intima (Int) and in apposition to the internal elastic membrane (arrows). Aleian blue. X 1200.
FIGURE 12
Anterior descending coronary artery of a 30-year-old male cut adjacent to figure 11 . This section was pretrewted with FBA prior to staining with aleian blue. Note drastic reduction of staining in the intima (Int) and in apposition to the internal elastic membrane (arroivs). Aleian blue. X 1200.
Discussion
The absence of any relationship between lipid and acid mucopolysaccliai -ides with respect to staining intensity or distribution is in complete accord with our previous studies of aortas 4 and cerebral arteries. 5 One of the
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most apparent reasons for the controversy that exists concerning such a relationship, reaides in the use of inadequate techniques for demonstrating lipids and acid mucopolysaccharides. In this respect, insufficient attention has been given to the lipid-leaching properties of various lipid stain solvents such as acetone and alcohol, and to the lack of specificity of methods reputed to stain tissue acid niueopolysaccharides. Both of these difficulties were overcome by our carbowax 400° and combination method 10 respectively. The use of carbowax 400 as a lipid stain solvent for oil red 0 obviated the lipid-leaching difficulties frequently observed with other commonly used lipid stain solvents and the specificity of oux acid mucopolysaccharide technique was confirmed in a critical review of mucopolysaccharide techniques. 33 The reader is referred to this review for the cautions that must be exercised in interpreting results based on acid polysaceharide staining methods. A further complication of interpretation derives from the presence of sialic acid in bovine 14 and human arteries 10 since this compound affords a positive reaction with alciau blue, periodic acid-Schiff and metaehromatic techniques. 1 * The presence of sialic acid was determined in this study by using purified aialidase which releases sialic acid from the mucin molecules. The significance of the increased amounts of sialic acid noted in the lipid-rieh areas is still uncertain but studies in this direction are underway in our laboratory.
The absence of lipid from the coronary arteries of fetuses was interesting in view of our previous studies in aortas 4 and cerebral arteries. 5 Lipid was first noted in aortas of fetuses, but was rarely observed before 15 years of age in the cerebral arteries. These observations agree favorably with gross observations that atheroniatous plaques make their appearance earlier in aortas than in the other two arteries, and that atherosclerotic plaques are rarely seen in the cerebral arteries of children.
The earliest morphological alteration observed in the coronary arteries was a primary deposition of lipid. This lipid was observed within endothelial cells, either as small subendothclial aggregates in macrophages and muscle fibers, or as extracellular deposits. The presence of lipid within endothelial cells agrees with the observations of Poole and Florey 10 who have shown that the endothelial cells of cholesterol-fed rabbits contain fine lipid droplets. Further experimental studies by Buck 17 and Parker is by means of the electron microscope indicated that lipid entered the endothelial cells by pinocytosis. One might conjecture at this point that the lipid in early atherosclerosis derives from lipid infiltration through the endothelium. This, however, does not account for all lipid observed i n early atherosclerosis since this component was never found in the endothelial cells and muscle fibers of cerebral arteries 5 and was only occasionally observed in aortas.* The most frequent site of lipid in cerebral arteries was within the internal elastic membrane. 5 In contrast, lipid was rarely found in the internal elastic membrane of coronary arteries and only occasionally in aortas. It seems more logical to attribute the presence of lipid within the internal elastic membrane to degeneration of elastic fibers rather than to infiltration through the endothelium, because this lipid appeared antecedent to other morphological alterations. Moreover, the failure to observe lipid in the endothelial cells of cerebral arteries further supports this contention. These studies indicate that the lipid in coronary arteries, cerebral arteries, and aortas may be the result of at least two independent mechanisms; (a) by infiltration through the endothelial cells and (b) as a consequence of degenerative changes within elastic elements.
Fangman and Hellwig 18 suggested that degeneration of elastic fibers below areas of inthnal thickening was caused by deposits of lipid in the coronary arteries of infants. This hypothesis is not supported by our results because fragmentation, fraying and reduplication of the internal elastic membrane were frequently present in many of the arteries of fetuses, infants and young juveniles, in the complete absence of any lipid.
The increase in ratio of chondroitin sulfatc
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B to ehoiidroitin suli'ate A or C, or both, with aging and severity of changes of elastic fibers in the area of the internal elastic membrane, together with an increase in the ratio of coarse-to-fine or no collagen, is consonant Avith our previous investigations of aortas" and cerebral arteries. 5 In these studies we concluded that either ehondroitin sulfate B, heparitin sulfate or heparin was associated with coarse collagen on the basis of their resistance to testieular hyaluronidase. A new histochemical method recently developed in our laboratory was used to identify further the acid mucopolysaccharide as ehondroitin sulfate B.
20 This is iu accord with the chemical extraction studies of Kaplan and Meyer 21 who reported an increase in chondroitin sulfate B with aging and atherosclerosis. The consistent relationship found between chondroitin sulfate B and collagen is ascribed to a reinforcement mechanism to strengthen the arterial wall at sites of fragmentation of the internal elastic membrane. This reinforcement hypothesis is discussed in detail elsewhere. 4 -' 21 Another important characteristic of chondroitin sulfate B worthy of consideration is its anticoagulation property. Since Marbet Notable among these were Grossman and Dorfman 23 who found that chondroitin sulfate B, unlike chondroitin sulafe A and C, had certain antithrombic effects similar to heparin. Direct application of this property of ehondroitin sulf ate B to atherosclerosis was made by Gore and Larkey"" who found that chondroitin sulfate B, extracted from aortas of individuals over 50 years of age, comprised from 40% to 50% of the total mucopolysaecharides, had appreciable anticoagulant activity, and would stimulate the production of Hpid-clearing factor when injected intravenously into rats. These investigators inferred that a depletion of chondroitin sulfate B in atherosclerotic lesions might account for the deposits of thrombi and lipid at these sites. This attractive hypothesis is not supported b} the chemical extraction studies of Kaplan and Meyer 1 * who found an increase in chondroitin sulfate B in human aortas with aging and increasing degree of atherosclerosis. Moreover, it would be reasonable to assume that areas devoid of chondroitin sulfate B would be associated with increased fibrin or lipid deposition and conversely, areas rich in chondroitin sulfate B would be associated with areas devoid of fibrin and lipid. This, however, is not the case since we have frequently observed areas that were rich in both ehondroitin sulfate B with large deposits of lipid or fibrin, as well as areas that were devoid of chondroitin sulfate B that contained no lipid or fibrin.
Summary
A series of new histochernical techniques developed in our laboratory was employed in a study of human coronary arteries obtained from individuals ranging in age from fetal life to 70 years of age. Our conclusions are as follows:
No apparent relationship exists between lipid and acid mucopolysaccharides with respect to staining intensity or distribution in any of the groups studied.
The earliest morphological alteration in coronary arteries is a priniarj' deposition of lipid. This lipid was observed within endothelial cells, as small subendothelial aggregates within maerophages and muscle fibers, or as extracellular deposits. The presence of lipid within the internal elastic membrane and fragmented elastic fibers was an infrequent finding.
A comparison of this study with our previous histochemicul studies of aorta and cerebral atherogenesis resulted in the following conclusions: At least two independent mechanisms may be responsible for the fatty changes occurring in these arteries; (a) infiltration of Jipid via the endotheliuin and (b) degenerative changes within elastic elements. Lipid was never found in endothclial cells and muscle fibers in cerebral arteries, and was observed only occasionally in aortas. The most frequent site of lipid in cerebral arteries was within the internal elastic membrane while lipid was rarely found in the internal elastic
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membrane of coronary arteries and only occasionally in aortas.
The ratio of chondroitin sulfate B to chondroitin sulfate A or C increased with aging and severity of changes of elastic fibers in the area of the internal elastic membrane, with a concomitant increase in the ratio of coarseto-fine collagen. It is suggested that this relationship indicates a reinforcement mechanism which strengthens the arterial wall at sites of fragmentation of the internal elastic membrane.
